Background: We evaluated the concept of whether liver failure patients with a superimposed kidney injury receiving a simultaneous liver and kidney transplant (SLKT) have similar outcomes compared to patients with liver failure without a kidney injury receiving a liver transplantation (LT) alone.
Introduction
Deceased donor organs for liver transplantation (LT) are prioritized to patients with the greatest immediate risk for death on the waiting-list utilizing the model for end-stage liver disease (MELD) scoring system. The newest guidelines from the United Network of Organ Sharing (UNOS) have taken this one step further in the United States with the "share 35" allocation system where adult patients with a MELD score of ≥ 35 benefit from regionally and nationally available organs in comparison to others on the waiting-list. This policy resulted in an increase in the number of liver transplant allograft recipients with high MELD (≥ 30) scores by 10% from 2012 to 2016 [1] . As serum creatinine (sCr) level is an important component in the MELD calculation, it is expected that a proportion of such patients may require a kidney allograft in addition to liver transplant because of associated renal injury.
Renal dysfunction is heavily weighted in MELD calculation as it has strong impact on survival before transplantation [2] . The prevalence of kidney dysfunction (sCr > 1.5 mg/dL) at the time of transplantation is increasing since the adoption of the MELD allocation model. For example, 26% of transplanted patients in 2002 had a sCr of > 1.5 mg/dL and that number has increased to 33% in 2005 and continues to rise [3, 4] . The impact of the presence of renal insufficiency at the time of transplantation on post-transplantation survival has been the focus of several studies. For patients transplanted with the same MELD score, the level of sCr is inversely associated with survival within certain defined MELD categories [5] . A pre-transplantation sCr of > 2 mg/dL is associated with 58% greater risk of post-transplant death compared to recipients with a creatinine of < 1 mg/dL [6] .
Not only does pre-transplant renal dysfunction appear to Manuscript accepted for publication March 01, 2017 Habib et al Gastroenterol Res. 2017;10(2):106-115 increase the risk of dying post-transplant but it also increases the number of simultaneous liver and kidney transplants (SLKT) [7] , which are performed with the concept and intention to overcome dual organ (liver and kidney) failure and restore the post-transplantation survival equal to those liver allograft recipients without renal dysfunction. This concept has not been validated. Though, several studies have looked into timing of kidney transplantation (KT) in such patients. The benefits of SLKT vs. delayed KT are a matter of debate [8] [9] [10] [11] [12] [13] [14] .
Martin et al utilizing UNOS data found that after adjustments for potential confounding demographic and clinical variables, there was significantly lower mortality in those receiving LT alone as compared to SLKT. However, SLKT improved mortality and graft survival compared to LT followed by KT [6] .
In another study of those with end-stage liver disease (ESLD) and kidney dysfunction not on dialysis, liver graft survival of patients who underwent SLKT was superior to those of patients who underwent LT alone [15] . Lastly, a recent Markov model suggested that irrespective of MELD score, SLKT gave better survival compared to LT followed by KT in patients on renal replacement therapy (RRT) preceding LT [16] . However, the model failed to consider that many patients on RRT for < 30 days have recovery of renal function. The model also failed to consider the impact of the loss of organs for SLKT on the survival of those awaiting KT alone [17] . Natural history of acute kidney dysfunction (AKD) in advanced liver disease patients is not well studied. Several factors have been implicated in the pathogenesis of AKD such as portal hypertension, spontaneous bacterial peritonitis (SBP) and use of nephrotoxic agents. Little is known about factors predictive of AKD outcome in the setting of advanced liver disease. In clinical practice, it is observed that a good proportion of patients recover baseline renal functions with supportive treatment including short-term dialysis before and after LT. Nonetheless, several questions remain unanswered such as the magnitude and timing of recovery, impact of severity of underlying liver disease and severity of portal hypertension, and impact of systemic diseases such as diabetes. Sharma et al studied the effect of renal dysfunction at the time of transplantation on post-transplantation outcome and it was determined that survival varied depending upon severity of liver disease at the time of transplantation [5] . This could explain the reasons for inconsistent benefits of KT in liver disease patients. Moreover, any MELD point could be reflective of three possibilities: 1) liver dysfunction alone, 2) renal dysfunction alone, and 3) combined liver and kidney dysfunction. The outcome of each MELD point could be different based on the above-mentioned possibilities.
We evaluated the concept of whether liver failure patients with superimposed kidney injury receiving SLKT have similar outcomes compared to patients with liver failure without kidney injury receiving LT alone. This will help to better define the timing of LT. We have examined how MELD score and the presence or absence of renal dysfunction (MELD score reflective of 1) liver disease alone and 2) combined liver and kidney dysfunction) at the time of transplantation influenced post-transplant survival both in those receiving LT alone or SLKT. Using the UNOS database, we analyzed the differences in survival in patients with and without renal dysfunction at the time of transplantation as well as the influence of MELD and SLKT on survival in these two groups of patients. The results of this analysis are the subject of this report.
Patients and Methods

Study population
We examined the Organ Procurement and Transplant Network (OPTN)/UNOS, Standard Transplant Analysis and Research (STAR) database information for this study. The OPTN database is a clinical data resource that includes demographics on all wait-list candidates in the US as submitted by individual transplant centers, and STAR files are provided as de-identified data. We observed the University of Arizona Review Board guidelines for analysis of de-identified data for this study. We evaluated data inclusive of all adults aged ≥ 18 years receiving transplants since May 2002. We selected this time frame because the MELD scoring system was implemented in February 2002. Exclusion criteria included: patients receiving transplantation with MELD scores < 15, those that were given exception points or had a living donor, and those lost to follow-up. Patients were divided into five groups based on the pre-transplant MELD score: 16 -20, 21 -25, 26 -30, 31 -35, and 36 and above (+). The ranges of the MELD groupings were selected after analysis of smaller and larger groups and were considered to be the best sizes to demonstrate betweengroup changes. Each group was also stratified based on the level of renal dysfunction and a sCr cut-off of 1.5 mg/dL was used. This stratification was based on the guidelines of International Ascites Club's definition of renal failure in the setting of cirrhosis [18, 19] . Patients who had sCr ≤ 1.5 mg/dL and were on dialysis at transplantation were included in the renal dysfunction group (sCr > 1.5 mg/dL). Based on presence or absence of renal dysfunction, each MELD group was stratified into: 1) liver MELD (sCr ≤ 1.5 mg/dL, reflecting liver failure only), receiving LT alone, 2) liver-kidney MELD (sCr > 1.5 mg/dL, reflecting combined liver and kidney failure), receiving LT alone, and 3) liver-kidney MELD (sCr > 1.5 mg/dL), receiving an SLKT.
Statistical analysis
We performed descriptive statistics to determine the patient and donor characteristics. For continuous variables, Student's t-test and an analysis of variance (ANOVA) were utilized. For categorical variables, we used Fisher's exact test and the Chisquare test with Yates continuity correction if applicable. Pearson's correlation and ANOVA were used to analyze trends and differences between the groups. Cumulative survival was determined using a Kaplan-Meier analysis, and the groups were compared using a log-rank test. Factors predictive of longterm survival were determined via Cox proportional hazards modeling, and the results are given in terms of hazard ratios (HRs). Only the variables found to be significant on univariate analysis were included for Cox proportional hazard modeling.
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All analyses were performed with the Statistical Package for the Social Sciences (SPSS 22, IBM Corp., Armonk, NY, USA) and Statistical Analysis System (SAS ® , SAS Institute Inc. Cary, NC, USA). A P-value ≤ 0.05 was considered to indicate statistical significance.
Results
Data were analyzed on 30,958 patients undergoing LT who met inclusion and exclusion criteria. Clinical features of the study cohort are shown in Table 1 . The mean age of the cohort was 51.58 ± 11.18 years, of which 20,034 (64.8%) were male. Caucasian race represented 71% of the study cohort, African American comprised 11% and 4,193 (13.6%) were Hispanic.
At the time of transplantation, the mean MELD score was 27.37 ± 8.49, and total bilirubin (mg/dL), INR, and creatinine (mg/dL) were 12.27 ± 12.5, 2.2 ± 1.7, and 1.93 ± 1.56, respectively. Of the total cohort, 14,679 (47.5%) had a sCr > 1.5 mg/dL at time of transplantation. Of the latter group, 5,084 (16.4%) had received RRT ( Table 1 ). The distributions of patients in different MELD groups, by renal dysfunction (creatinine > 1.5 mg/dL), and those that received a LT alone versus SLKT, are shown in Table 2 .
MELD score and kidney dysfunction
We analyzed the bivariate correlation between MELD score and sCr at transplantation (continuous variables using Pearson correlation test). Mean sCr at transplantation rose progressively from low MELD to high MELD groups with a statistically significant positive correlation (R = 0.44, P = 0.0001) (Fig. 1) . Overall, at the time of transplantation, 47.5% of study cohort had MELD score reflective of combined liver and kidney failure (liver-kidney MELD). In analyzing the trends with increasing MELD scores, there was a notable increase in the proportion of patients with renal impairment in successive MELD groups which was significant between all of the groups (Fig. 2) . Reflecting this increase in renal dysfunction, there also was a proportional increase in the number of patients receiving SLKT as the MELD score Habib (Fig. 3) .
Survival analysis
In each of the MELD groups, survival at 1 year of patients with sCr ≤ 1.5 mg/dL (liver MELD) receiving LT alone was significantly better compared to those with sCr > 1.5 mg/dL (liver-kidney MELD) (Fig. 4) . Difference in survival between the groups became greater with increasing MELD score, i.e. at 3% difference with MELD of 16 -20 vs. a 6% difference with MELD of 36 -40. When comparing the group with sCr ≤ 1.5 mg/dL (liver MELD) and receiving LT alone to those with sCr > 1.5 mg/dL (liver-kidney MELD) and receiving SLKT, patient survival at 1 year was comparable in the lowest MELD group: 16 -20 (P = 0.8). In higher MELD groups, patients without renal dysfunction (liver MELD) had improved survival compared to those with renal dysfunction (liver-kidney MELD) irrespective of whether or not they had LT alone or SLKT (Fig. 4) .
We performed Cox regression model analysis to identify the impact of kidney dysfunction during the transplantation phase and at 1 year post-transplantation. The following variables were significantly associated with higher mortality during transplantation phase: sCr > 1.5 (HR: 1.710 (1.244 -2.349); P < 0.001) and dialysis at transplantation (HR: 1.837 (1.304 -2.589); P < 0.001). Male gender was associated with lower mortality risk (HR: 0.681 (0.529 -0.879); P < 0.01). Factors associated with long-term survival at 1 year after excluding patients who died during transplantation phase were recipient and donor age, recipient BMI, recipient and donor non-white race, non-Hispanic ethnicity, sCr > 1.5 mg/dL, sCr > 1.5 mg/ SLK and MELD Score Gastroenterol Res. 2017;10(2):106-115 dL and LT only, sCr > 1.5 mg/dL and SLKT, dialysis at transplantation and MELD score (Table 3) . We also analyzed distribution of deaths based on sCr status both during the transplantation phase and at 1 year post-transplantation (Table 4) . Total number of deaths within first year transplantation for the entire cohort was 3,965 (12.8%). The largest proportions (28%) of deaths were in the 36+ MELD groups (Fig. 5a) . We analyzed the distribution of deaths based on renal dysfunction (liver MELD vs. liver-kidney MELD) in each MELD group. A greater percentage of the total deaths occurred in recipients with renal dysfunction (liver-kidney MELD) at transplantation compared to those without renal dysfunction (liver MELD): 2,414 (61%) vs. 1,551 (39%). With increasing MELD score, the proportion of deaths of patients with renal dysfunction at the time of transplant increased from 21% of those dying with MELD of 16 -20 to 92% of those dying in the 36+ MELD group. Based on this analysis, one out of five patients with a MELD score > 36 and sCr > 1.5 mg/dL had died within 1 year of transplantation (Fig. 5a, b) .
Discussion
MELD was developed to predict survival following creation of a transjugular intrahepatic portosystemic shunt (TIPS) and was then used to predict survival for patients waiting for liver transplant. It is now becoming increasingly apparent that severity of liver disease based on MELD score at the time of transplant is also predictive of post-transplant survival. Development of renal disease is an important milestone in the course of cirrhotic patients. In the absence of recovery from renal dysfunction, it has been shown to be associated with very high mortality without transplantation; therefore, it carries significant weight in the MELD calculation [20] . The causes of renal insufficiency in this patient population include acute kidney injury (AKI) due to decreases in plasma volume, infection and hepatorenal syndrome and chronic renal disease due to diseases like diabetes mellitus [21] . Use of volume expansion, antibiotics and vasopressors such as terlipressin has the potential for reversing the AKI preceding transplant [22, 23] . Failure to improve the renal insufficiency means many patients undergoing LT will also have significant renal insufficiency. In this report, we demonstrate the impact of renal insufficiency on survival following LT over a range of MELD scores. Irrespective of the MELD score, survival was significantly worse in those with renal insufficiency as compared to those without renal insufficiency (Fig. 4) . The impact of renal insufficiency on survival was greatest in those with a high MELD score. For example, 90% of patients transplanted with a MELD of 36 -40 had elevated sCr and of those who died within 1 year of transplant, 92% had renal insufficiency. In contrast, only 16% of those with a MELD of 16 -20 had renal insufficiency and those with sCr > 1.5 accounted for only 21% of the deaths in this group (Figs. 2 and 5b) . Thus, in the high MELD patients, renal insufficiency is increasingly common and associated with high 1-year mortality. The adoption of the "share 35" rule will only increase the number of patients in this high risk group. The findings in this analysis are supported by previous reports that patients with renal insufficiency at the time of transplant have worse outcomes [5, 6] . However, the combined effect of MELD and renal insufficiency was not part of the latter reports analyses.
Not surprisingly, the number of SLKT has increased since the adoption of MELD which has impacted the availability of donor kidneys for patients with ESRD [6, 14, 15] . Reports using modeling or analysis of the UNOS database have suggested that SLKT is better than delayed KT for both graft and patient survival [6, 14, 15] . Furthermore, the addition of the liver graft to the kidney in sensitized individuals has been shown to reduce the possibility of acute rejection suggesting that for patients with a high level of donor-specific antibody simultaneous transplantation may be advantageous [24] . However, when survival of SLKT patients is compared to LT alone patients the data are less clear. One report examined survival of patients transplanted with sCr of ≥ 2.5 mg/dL and found overall survival and graft survival was significantly lower in those receiving LT alone vs. SLKT [16] . In a second series, similar survival rates were seen for SLKT patients compared to LT alone patients, but there was a significant improvement in graft survival among the SLKT patients [6] . In the current report, the benefits of SLKT vs. LT on survival are less clear when MELD score is considered. Survival for those with renal insufficiency was improved for those receiving SLKT when compared to patients with LT alone and with renal insufficiency in the MELD of 16 -20 group only. For the remainder of the MELD cohorts, SLKT did not reverse the adverse effect of renal insufficiency on survival. Survival was worse for the SLKT cohorts as compared to LT alone without renal insufficiency and was similar to those with renal insufficiency who receive a LT alone (Fig. 5) . Our data however indicate that recipient survival is not necessarily improved with SLKT over other patients undergoing LT alone who have abnormal renal function. SLKT is clearly inferior compared to those without renal dysfunction, especially in those with high MELD scores (Fig. 4) . Given that our data indicate no difference in survival for LT alone versus SLKT in patients with renal dysfunction, the question arises as to how many kidneys can be spared to be used for patients needing a KT. The time on dialysis is a risk factor for patient survival on the KT waiting-list making renal dysfunction in patients with liver failure an indirect risk factor for the outcome for waiting for a KT. It has been suggested previously that a more robust tool is necessary to distinguish between the two transplant groups to help reduce the number of kidney grafts used for the SLKT population [15] . Also recently, unfavorable outcomes have been reported in HCV-infected patients receiving SLK transplants [14] . As a result, the authors suggested careful donor/recipient selection when approaching HCV recipients for SLK transplants. In a study modeling the possibility of reversal of renal dysfunction in some LT patients as a result of hepatorenal syndrome, the authors noted that allocating a kidney to a patient with ESLD, who has the potential to be dialysis free without a KT, does not maximize overall outcomes when all patients are considered [13] . Furthermore, in a study using UNOS data stratified by donor subgroup, MELD score, pre-versus post-MELD era, and length of time on dialysis, the findings indicated that SLKT may be overused in the MELD era and the authors concluded that the current practice of prioritizing kidney grafts to liver failure patients results in a waste of limited resources [11] .
The limitations of our study are consistent with all studies performed on data from the STAR files; the data may be incomplete and accuracy is determined by individuals compiling the data. Details that can be gleaned from a single center experience are beyond the scope of the database. Conversely multicenter data are important to understand utility of kidney grafts in LT patients. Perhaps the most important recommendation from this study is the development of better metrics to determine which patients are most likely to benefit from a SLK transplant.
In conclusion, we have shown that renal dysfunction in liver failure at the time of transplantation increases the risk for mortality of LT recipients, whether receiving a LT alone or SLKT, compared to those without renal dysfunction especially in high MELD recipients. However, low MELD patients with combined liver disease and renal insufficiency may benefit from SLKT. The differential benefit of SLKT depends upon the severity of liver disease at the time of transplantation. These findings are consistent with previous reports and support the need to improve renal function in patients awaiting LT. Recent reports have shown that improving renal function of patients with HRS-1 improves their survival irrespective of whether or not they receive a liver transplant [22, 23, 25] . We also need to question whether MELD should be the main tool we use to allocate organs without consideration of post-transplant outcomes. Surely, the fact that 20% of patients with a MELD of 36 -40 and renal insufficiency die within the first year following transplant should lead to a discussion of how we can better manage these patients. A more detailed study of this group of patients may provide insight into why they are dying and what can be done to improve their prognosis. Also, given the lack of clear survival benefit from SLK transplant, we need to better define the patients most likely to benefit from multi-organ transplant. Many of these patients are likely to have three functioning kidneys if they have AKI at the time of transplant and this is not a good use of a limited resource. Clearly defined policies are needed to better manage these very sick patients.
